INTRODUCTION {#s1}
============

Hypertension, defined based on blood pressure measured in the office or at home in a resting condition, is an important risk factor for cardiovascular disease[@r1]^)^. However, in response to various physical and mental stimuli, blood pressure shows marked diurnal or circadian fluctuations, and the clinical significance of such short-term or transient changes in blood pressure has not been fully understood[@r2]^)^. It has been shown that blood pressure can increase during resistance training[@r3],[@r4],[@r5],[@r6]^)^, which is much more pronounced in individuals with hypertension than in those without, but an abrupt increase in blood pressure may be a cardiovascular risk. Indeed, morning surge, which is an exaggerated increase in blood pressure early in the morning, is a strong predictor of stroke, coronary heart disease, and all-cause death in patients with hypertension[@r7]^)^ and cardiovascular events most frequently occur just after waking up, when blood pressure shows a rapid increase (as determined by ambulatory blood pressure monitoring)[@r8]^)^.

Physical therapy, especially most exercise therapy procedures, has an effect on hemodynamics[@r4], [@r9]^)^ and thus could be a cardiovascular risk in some cases[@r10]^)^. Therefore, the conditions of patients should be properly evaluated and hemodynamic indices, including blood pressure and heart rate, should be monitored to minimize cardiovascular risk during exercise therapy. However, blood pressure is monitored only by \<25% physical therapists[@r10]^)^, probably because of incomplete evidence on establishing a normal or safety range for blood pressure response during exercise therapy. Although a stopping rule for physical therapy has been proposed by Anderson[@r11]^)^, there is no established evidence-based standard for stopping or continuing exercise therapy, which is attributable in part to the lack of data on blood pressure response to exercise therapy. Therefore, this pilot study was conducted to investigate how blood pressure is affected by exercise therapy in clinical practice.

PARTICIPANTS AND METHODS {#s2}
========================

This was a multicenter, pilot, observational study assessing the effects of exercise therapy on blood pressure in patients hospitalized for stroke or operation for an orthopedic disease. The study was performed in accordance with the principles of the Declaration of Helsinki, and the study design was approved by the ethics committee of Nagoya Gakuin University (2016-29), the core center of the study, and the local ethics committees of each hospital. Before participating in the study, all participants provided written informed consent. Data collection and statistical analyses were the responsibility of the core study center, and each investigator undertook recruitment and follow-up of patients. This study is registered with the UMIN Clinical Trial Registry (UMIN R000031958; http://www.umin.ac.jp/ctr).

This study included screened inpatients who underwent physical therapy from June 2017 to August 2018. Inclusion criteria included age ≥20 years, being hospitalized in our hospitals for a stroke or an orthopedic surgery, and undergoing exercise therapy for getting up (*n*=23). Patients in whom blood pressure could not be measured accurately because of arrhythmia were excluded. Stroke included ischemic and hemorrhagic stroke, and orthopedic surgery included spine surgery and the lower limb bone surgery, such as bipolar hip arthroplasty and total knee arthroplasty. Blood pressure and pulse rate were measured in a supine position after 2 min of rest at the start of exercise therapy and after the exercise therapy on days 1, 2, and 7. The exercise therapy included range-of-motion exercise, strength training, training in standing up, and walking training. Medical records were used to obtain participant medical information. To assess pain during each exercise therapy, a 0--10 numerical rating scale was used, where 0 indicates no pain and 10 indicates worst pain imaginable. An automated device (HEM-7130-HP, Omron, Kyoto, Japan) was used to measure blood pressure.

Criteria for hypertension were as follows: systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg[@r1]^)^, or antihypertensive medication use. The presence of diabetes mellitus was determined as a fasting plasma glucose level of ≥126 mg/dL[@r12]^)^ or antidiabetic medication use, whereas dyslipidemia was defined as a low-density lipoprotein cholesterol level of ≥140 mg/dL, a high-density lipoprotein cholesterol level of \<40 mg/dL, a triglyceride level of ≥150 mg/dL[@r13]^)^, or antidyslipidemic medication use.

IBM SPSS statistics 26 (IBM SPSS, Chicago, IL, USA) was used to perform all analyses, and data are presented as mean ± SD or as *n* (%) of participants. Student paired t-test was used to determine the significance of differences between blood pressure or pulse rate values measured before and after physical therapy. Subsequently, data obtained on days 1, 2, and 7 of exercise therapy from each participant were pooled and the following analyses were conducted. To investigate the factors associated with changes in systolic blood pressure after exercise therapy, simple and multiple regression analyses were performed. Pooled data were divided into quartiles according to the level of change in blood pressure after exercise therapy, where the fourth quartile was defined as an exaggerated increase in blood pressure induced by exercise therapy. Multiple logistic regression analysis was performed, with the endpoint being exaggerated systolic blood pressure increase after exercise therapy. In all cases, p\<0.05 (two tailed) was considered significant.

RESULTS {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.Characteristics of participantsCharacteristicValueMale12 (52.2)Age (years)69.2 ± 11.4Body height (cm)159.3 ± 8.8Body weight (kg)62.6 ± 15.8Systolic blood pressure (mmHg)126.5 ± 13.4Diastolic blood pressure (mmHg)80.5 ± 10.8Pulse rate (bpm)74.9 ± 14.2Pain scale^a^4.1 ± 2.5Reason for hospitalizationOrthopedic surgery21 (91.3)Stroke2 (8.7)ComorbiditiesHypertension \[under medication\]14 (60.9) \[9 (64.3)\]Diabetes mellitus \[under medication\]2 (8.7) \[2 (100)\]Dyslipidemia \[under medication\]7 (30.4) \[6 (85.7)\]Data are presented as mean ± SD or *n* (%) of participants. The numbers in \[\] indicate the number and percentage of patients under medication. ^a^Pain was assessed using a 0--10 numerical rating scale, where 0 is no pain and 10 is the worst pain imaginable. details the characteristics of the participants enrolled in this study. Most of them were hospitalized for orthopedic surgery and more than half of them were with hypertension ([Table 1](#tbl_001){ref-type="table"}). Both blood pressure and pulse rate increased after exercise therapy when the 3-day (days 1, 2, and 7) mean values for each patient were analyzed. The increases in diastolic blood pressure were slightly smaller than increases in systolic blood pressure ([Table 2](#tbl_002){ref-type="table"}Table 2.Responses of blood pressure and pulse rate after exercise therapy for getting up in patients hospitalized for a stroke or orthopedic operationBefore exercise therapyAfter exercise therapyp valueSystolic blood pressure (mmHg)127.7 ± 11.4139.1 ± 15.5\<0.001Diastolic blood pressure (mmHg)80.9 ± 8.884.0 ± 10.40.006Pulse rate (bpm)73.2 ± 11.276.5 ± 14.60.004The mean value of 3 days (days 1, 2, and 7) for each patient was taken as the response in each patient.). A consistent increase in systolic, but not diastolic, blood pressure after exercise therapy was indicated in the comparative analysis of blood pressure changes after exercise therapy on days 1, 2, and 7 ([Table 3](#tbl_003){ref-type="table"}Table 3.Blood pressure and pulse rate measured before and after exercise therapy for getting up on days 1, 2, and 7 in patients hospitalized for a stroke or an orthopedic operationBefore exercise therapyAfter exercise therapyp valueDay 1Systolic blood pressure (mmHg)126.5 ± 13.4139.3 ± 18.0\<0.001Diastolic blood pressure (mmHg)80.5 ± 10.886.1 ± 12.3\<0.001Pulse rate (bpm)74.9 ± 14.280.3 ± 18.70.002Day 2Systolic blood pressure (mmHg)128.0 ± 15.8139.0 ± 19.0\<0.001Diastolic blood pressure (mmHg)82.4 ± 10.984.2 ± 12.70.12Pulse rate (bpm)72.5 ± 12.277.0 ± 17.50.006Day 7Systolic blood pressure (mmHg)123.6 ± 13.8139.9 ± 18.0\<0.001Diastolic blood pressure (mmHg)78.4 ± 10.983.7 ± 10.2\<0.001Pulse rate (bpm)74.3 ± 14.975.0 ± 15.20.62). The greatest response in systolic blood pressure in this study was an increase of 40 mmHg in one participant on the first day of physical therapy, although the increase in systolic blood pressure in this participant in the succeeding exercise therapies was \<40 mmHg. There was no change in either blood pressure or pulse rate with repeated exercise therapy ([Table 4](#tbl_004){ref-type="table"}Table 4.Changes in blood pressure and pulse rate after exercise therapy for getting up on days 1, 2, and 7 in patients hospitalized for a stroke or an orthopedic operationDay 1Day 2Day 7Changes inSystolic blood pressure (mmHg)12.7 ± 13.111.0 ± 10.216.3 ± 9.7Diastolic blood pressure (mmHg)5.6 ± 6.21.8 ± 5.25.3 ± 4.3Pulse rate (bpm)11.2 ± 17.311.7 ± 17.49.4 ± 17.5Response to exercise did not change throughout the observation period (ANOVA).).

In the next series of analyses, we examined the factors predicting the increase in blood pressure after exercise therapy by using pooled data collected on days 1, 2, and 7 of exercise therapy in each patient. The regression analysis showed that pulse rate before exercise therapy (i.e., at rest) and the presence of diabetes mellitus independently predicted the amplitude of increase in systolic blood pressure after exercise therapy ([Table 5](#tbl_005){ref-type="table"}Table 5.Results of regression analysis showing factors associated with systolic blood pressure response to exercise therapyStandardized βp valueSimple regressionAge (years)0.1360.27Gender (male)−0.0470.70Body weight (kg)−0.0310.81Body height (cm)−0.0550.66Systolic blood pressure (mmHg)−0.0080.95Diastolic blood pressure (mmHg)0.0540.66Pulse rate (bpm)0.2420.46Pain scale^a^0.0040.97Hypertension0.1000.42Diabetes mellitus−0.1210.33Multiple regression (Model A)Age (years)0.2040.24Gender (male)−0.0470.77Body weight (kg)0.4370.06Systolic blood pressure (mmHg)−0.1380.29Pulse rate (bpm)0.3760.02Pain scale^a^0.0170.91Hypertension0.1000.44Diabetes mellitus−0.5610.006Multiple regression (Model B)Age (years)0.1650.32Gender (male)−0.0010.99Body weight (kg)0.4010.08Pulse rate (bpm)0.3760.02Hypertension0.0900.48Diabetes mellitus0.3760.02Multiple regression (Model C)Age (years)0.0010.99Gender (male)−0.1170.36Pulse rate (bpm)0.3290.03Hypertension0.0600.64Diabetes mellitus−0.2920.04Multiple regression (Model D)Age (years)−0.0220.88Pulse rate (bpm)0.3280.03Hypertension0.0670.60Diabetes mellitus−0.2620.06Model A includes age, gender, body weight, SBP, pulse rate, pain scale, hypertension, and diabetes mellitus as independent variables. Model B includes variables that show p\<0.90 in simple regression analysis are included as independent variables. Model C includes variables that show p\<0.80 in simple regression analysis are included as independent variables. Model D includes variables that show p\<0.50 in simple regression analysis are included as independent variables all variables listed in simple regression analysis. ^a^Pain was assessed using a 0--10 numerical rating scale, where 0 is no pain and 10 is the worst pain imaginable., Model A). Other multivariate models where the number of independent variables included were reduced confirmed that pulse rate before the exercise therapy was the independent predictor of systolic blood pressure increase ([Table 5](#tbl_005){ref-type="table"}, Models B, C, and D). In dividing the responses of systolic blood pressure into quartiles, the fourth quartile was defined as an exaggerated increase in systolic blood pressure. The logistic regression analysis showed that the independent predictors of the exaggerated increase in systolic blood pressure after exercise therapy were age and body weight ([Table 6](#tbl_006){ref-type="table"}Table 6.Factors predicting exaggerated increase in systolic blood pressure after physical therapyOdds ratiop valueModel AAge (years)1.1230.04Gender (male)2.2040.45Body weight (kg)1.2120.01Systolic blood pressure (mmHg)0.9760.45Pulse rate (bpm)0.9720.39Pain scale^a^1.2000.39Hypertension0.3880.39Diabetes mellitus0.9980.99Model BAge (years)1.0930.04Gender (male)1.4840.66Body weight (kg)1.1760.01Systolic blood pressure (mmHg)0.9830.57Hypertension0.6510.56Diabetes mellitus0.9990.99Model CAge (years)1.0840.04Gender (male)1.2780.77Body weight (kg)1.1690.01Hypertension0.6060.49Diabetes mellitus0.9990.99The results of the logistic regression analysis with the endpoint of an exaggerated elevation of systolic blood pressure (fourth quartile) after exercise therapy are shown in this table. All independent variables included in each model are listed in the table. ^a^Pain was assessed using a 0--10 numerical rating scale, where 0 is no pain and 10 is the worst pain imaginable.).

DISCUSSION {#s4}
==========

This study demonstrates the following: (1) an increase in blood pressure is induced by exercise therapy for getting up in patients who experience a stroke or those who undergo orthopedic surgery; (2) at least during the first week of the start of exercise therapy, the increase in blood pressure is not attenuated with repeated exercise therapy; (3) pulse rate can predict the increase in systolic blood pressure after exercise therapy; and (4) elderly or overweight patients have a high risk of exaggerated increase in blood pressure.

Physical stress, such as that experienced with physical training, causes hemodynamic changes to supply adequate muscle blood perfusion, consisting usually of systolic blood pressure and heart rate increases and a redistribution of blood[@r3],[@r4],[@r5],[@r6]^)^. Exercise therapy for getting up may also induce an increase in blood pressure. It has been empirically accepted that there will be brief increases in blood pressure after exercise therapy for getting up, but there have been no investigations on the characteristics of the response of blood pressure to exercise therapy. Although such changes in hemodynamics are a physiological phenomenon, sudden increases in blood pressure may be a cardiovascular risk, even if they are brief, especially in individuals with cardiovascular diseases[@r10]^)^. In this context, clinically useful information was provided in this study, in which modest, but not serious, increases in blood pressure (in most cases with \<40 mmHg) and pulse rate, which are generally regarded as safe, were induced by exercise therapy for getting up (including range-of-motion exercise, strength training, training in standing up, and walking training). Often, pain is experienced during exercise therapy, which usually promotes an increase in blood pressure[@r14]^)^. However, in our study, pain as assessed by the numerical rating scale did not affect changes in systolic blood pressure. The reason for this is not clear. A limitation to the assessment of pain could be the use of the numerical rating scale, as objective assessment of levels of pain is not possible. Alternatively, factors other than pain, such as vasodilatation caused by exercise, might have a higher prominent impact on hemodynamic changes. Future studies are needed to clarify this point. In this study, the increase in diastolic blood pressure was not consistent, in contrast to the response of systolic blood pressure. In healthy individuals, diastolic blood pressure remains unchanged during low-intensity dynamic exercises[@r9], [@r15]^)^, whereas diastolic blood pressure is increased in high-intensity exercises[@r16],[@r17],[@r18]^)^. Other investigators have reported that changes in diastolic blood pressure during exercise are correlated with serum cholesterol and insulin resistance[@r19]^)^. Thus, the results may have been affected by the different combination of exercises used in the exercise therapy in different participants, the different days in which each participant performed the exercise therapy, or a heterogeneity of participant background.

There was an independent correlation between the increase in systolic blood pressure after exercise therapy and pulse rate before the start of exercise therapy. An increased pulse rate at rest may partially indicate increased sympathetic nerve activity. Participants with increased sympathetic nerve system activity may have shown increased response of blood pressure after the exercise therapy. Participants with increased pulse rate at rest should be carefully observed and their blood pressure should be frequently monitored during exercise therapy; these may be useful to avoid unexpected and dangerous blood pressure increases. The results of the linear regression analysis were taken on the assumption that there are linear relationships between the increase in systolic blood pressure after exercise therapy and the variable investigated (pulse rate). On the other hand, the logistic regression analysis showed that the predictors for exaggerated increase in systolic blood pressure are old age and obesity. Physical therapy can be performed safely with the knowledge of the factors that may produce a serious increase in blood pressure during exercise therapy.

The following points limit the interpretation of our study results. First, the study sample (*n*=23) was small, and therefore a definite conclusion cannot be drawn. Second, the present data were obtained in daily clinical practice, and therefore the exercise therapy was heterogeneous among patients and during the observation period in each patient. Third, medications, especially antihypertensive medication, may have affected the results. Moreover, the information about the mechanisms underlying the response of blood pressure cannot be verified from the results of the observational study. Despite these limitations, this pilot study provides useful information for physical therapists in daily clinical practice.

In conclusion, patients who experience a stroke or those who undergo orthopedic surgery may experience a significant increase in blood pressure as a response to exercise therapy for getting up. The increase in systolic blood pressure after exercise therapy is correlated with pulse rate at rest before the exercise therapy, and old age or increased body weight predicts exaggerated increase in blood pressure during exercise therapy.
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